An endo-β-1,4-glucanase gene, cel5L, was cloned using the shot-gun method from Bacillus sp.. 33 The gene, which contained a predicted signal peptide, encoded a protein of 496 amino acid 34 residues, and the molecular mass of the mature Cel5L was estimated to be 51.8 kDa. Cel5L 35 contained a catalytic domain of glycoside hydrolase (GH) family 5 and a carbohydrate-binding 36 module family 3 (CBM_3). Chromatography using HiTrap Q and CHT-II resulted in the 37 isolation of two truncated forms corresponding to 50 (Cel5L-p50) and 35 kDa 38 CBM_3-deleted form). Both enzymes were optimally active at pH 4.5 and 55°C, but had 39 different half-lives of 4.0 and 22.8 min, respectively, at 70°C. The relative activities of p50 and Cel5L-p35 for barley β-glucan were 377.0 and 246.7%, respectively, compared to 41 those for carboxymethyl-cellulose. The affinity and hydrolysis rate of pNPC by Cel5L-p35 42 were 1.7 and 3.3 times higher, respectively, than those by Cel5L-p50. Additions of each to a 43 commercial enzyme set increased saccharification of pretreated rice straw powder by 17.5 and 44 21.0%, respectively. These results suggest CBM_3 is significantly contributing to 45 thermostability, and to affinity and substrate specificity for small substrates, and that these two 46 enzymes could be used as additives to enhance enzymatic saccharification. Cellulosic biomasses are of particular interest as valuable raw materials for the production 60 of cellulosic ethanol [1]. Complex polysaccharides can be hydrolyzed by cellulases such as 61 endo-β-1,4-glucanase, exo-β-1,4-glucanase, and β-glucosidase. Among them, endo-β-1,4-62 glucanases, which are grouped into 13 glycoside hydrolase (GH) families; 5-9, 12, 44, 45, 48, 63 51, 74, 124, and 131 [2], play important roles in hydrolysis as they cleave internal glycosidic 64 bonds in the chains [3]. Most of the enzymes grouped in GH families 5-9, 12, 44, 45 [1,7]. In addition, the enhancement of 76 enhancing the enzymatic saccharification of cellulose processes using synergistic proteins 77 including CBMs, has also been studied [8].
Introduction Enzyme Assay

115
Enzyme activity was analyzed using 0.5% CMC in 50 mM sodium citrate buffer (pH 5.5), 116 as described previously [19] , but at 50ºC. The amount of reducing sugar released was 117 determined using the dinitrosalicylic acid (DNS) method [20] . To investigate the substrate 118 specificity of Cel5L, activities were determined using 0.5% barley β-glucan, birchwood xylan, 119 lichenan or laminarin. Its hydrolyzing activities for filter paper (1 cm x 1 cm strip) and Avicel 120 (0.5%) were observed after 2 h at 50ºC. Hydrolyzing activities for pNPG and pNPC were 121 assayed using 2.0 mM of each substrate at 50°C. One unit of hydrolyzing activity was defined 122 as the amount of enzyme liberating 1 μmol of reducing sugar or pNP per min.
124
Activity Staining
125
Enzyme activity was observed by activity staining after SDS-PAGE, as described 126 previously [15] with some modifications. Briefly, proteins in crude extract or fractions were 127 separated in 11.0% SDS-polyacrylamide gels containing 0.2% CMC. Gels were then washed 128 with 10% isopropanol for 30 min and then cleaned three times with the assay buffer (pH 5.5) 129 for 30 min, incubated at 50℃ for 0.5 ~ 1 h, stained with 0.1% Congo-red, and washed with 1 130 M NaCl.
131
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Characterization of Enzymes
133
Optimum temperature for enzyme was determined by measuring enzyme activities at 134 designated temperatures and thermostability was analyzed after pre-incubation of enzyme [21] . 135 Optimum pH levels for enzyme activity were determined using 50 mM sodium citrate (pH 3.5-136 6.0) buffer. The influences of various cations on enzyme activity were determined as described 137 previously [21] . 
Binding with Insoluble Avicel
140
Binding abilities of enzymes to carbohydrate polymer were analyzed as described 141 previously with slight modification [22] . Briefly, the purified enzymes were added to 1.5% 142 Avicel solution in 0.3 mL of the assay buffer (pH 5.5), mixed with shaking for 40 min on ice 143 and centrifuged at 15,000 x g for 10 min to remove enzymes bound to Avicel. Amounts of 144 unbound enzymes were determined by measuring cellulase activity in supernatants.
146
Saccharification of Pretreated Biomasses
147
Enzymatic hydrolyses of reed (Phragmites communis) and rice (Oryza sativa) straw 148 powders were carried out as previously described [15] , but with purified enzymes rather than 149 crude extracts. Briefly, pretreated reed or rice straw powders were suspended at 6% in 5 mL of 150 50 mM sodium citrate buffer (pH 5.5) in 50 mL tubes. The concentrations of the enzymes used 151 were 0.2 U/mL of Celluclast 1.5L; 0.2 U/mL of Novozym 188; and 0.33 U/mL of Cel5L.
152
Reactions were carried out for up to 72 h at 50°C with shaking at 150 rpm. Aliquots of the 153 mixtures were withdrawn at designated times (0, 6, 12, 24, 48 , and 72 h) and centrifuged for 154 10 min at 12,000 x g. Amounts of soluble sugar released were measured using the DNS method 155 [20] . All experiments were performed in duplicate. The gene was identified to encode a protein of 496 amino acid residues with a signal peptide 165 of 29 amino acid residues. The molecular mass of mature Cel5L was calculated to be 51.8 kDa. that is, catalytic residues Glu169 and Glu257, which act as proton donor and nucleophile, 178 respectively, and Trp69, Arg92, His131, Asn168, Trp207, and Tyr231 residues [13, 23, 26, 27] 179 (Fig. 1B) . When other subfamilies of GH5, i.e., GH5-1 endoglucanase (Cel5B) of
180
Thermobifida fusca TM51 (AY298814, AAP56348) and GH5-4 bifunctional cellulase of B.
181
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halodurans TSLV1 (the same as BAB04322 cited by 28) were blasted together, Arg92, His131,
182
Asn168, and Tyr231 and the two catalytic residues were found to be strictly conserved (Fig. 183 1B). In addition, Val126, Pro170 in the NEP motif, Asn175, Asp221, Gly259 in the EwG motif,
184
Phe270, and Trp291 residues were also found to be conserved in the catalytic domain.
185
The CBM of Cel5L was linked to the C-terminus of the GH5 catalytic domain, likely to the 186 case in most GH5 cellulases [29] . In some of GH5 cellulases, 196 Cel5L was purified from the transformant using HiTrap Q and CHT-II chromatography.
Purification of Two Truncated Enzymes
197
The amount of enzyme bound by the High-Q column was much less than that bound by HiTrap 198 Q column (data not shown). When proteins in extract were separated using the HiTrap Q 199 column, one activity peak was observed (Fig. S1 ), and when pooled active fractions were 200 further purified using the CHT-II column, two partially resolved activity peaks were observed 201 ( Fig. S1 ). To check the enzyme species, CMCase activities were analyzed using a crude extract 202 of the transformant by activity staining after SDS-PAGE and renaturation methods. Two active 203 bands were observed, and these proteins were named P1 and P2, respectively ( Fig. 2A) .
204
Enzyme activity of P1 was greater than that of P2. 
Substrate Specificities of the Truncated Enzymes
223
The relative activities of Cel5L-p50 and Cel5L-p35 for barley β-glucan (β-1,3-1,4-glucan) 224 were 377.0 and 246.7%, respectively, as compared with CMC (β-1,4-glucan) ( CMCase activity at pH 4.5 (Fig. 3A) , similar to an acidic cellulase Cel-1 of buffalo rumen 248 metagenome [40] , though Cel5L-p35 was more resistant to pH changes than Cel5L-p50.
249
Regarding optimum temperature, Cel5L-p50 and Cel5L-p35 both exhibited maximal CMCase 250 activities at 55ºC and showed similar activity/temperature characteristics ( Fig. 3B) To analyze the binding capacity of CBM_3 in Cel5L-p50, residual enzyme activities were 294 measured after binding to Avicel using purified Cel5L-p50 (containing CBM_3) and Cel5L-295 p35 (containing no CBM_3). Residual activity of Cel5L-p50 after binding to Avicel was 296 significantly decreased by 70%, whereas that of Cel5L-p35 increased to 140% (Table S1 ).
297
Although the reason for this observed increase in Cel5L-p35 residual activity for is not clear,
298
these results suggest deletion of CBM_3 abolished binding ability to microcrystalline cellulose.
299 300
Enzymatic Saccharification of Pretreated Biomasses
301
The production of reducing sugar was investigated using pretreated reed and rice straw 302 powders by adding purified Cel5L-p50 or Cel5L-p35 to a set of the commercial enzymes 303 (Celluclast 1.5L + Novozym 188). Productions of reducing sugar from pretreated reed or rice 304 straw powders reached a maximum after 48~72 h (Fig. 4) . The addition of Cel5L-p50 increased 305
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the saccharification values for reed and rice straw powders by 7.2% and 17.5%, respectively 306 (Fig. 4) . When Cel5L-p35 was added to the commercial enzyme set, the saccharification values 307 of the reed and rice straw powders were increased by 4.1% and 21.0%, respectively (Fig. 4) .
308
Substrate specificities for pure β-1,4-glucan (CMC) and mixed-linked β-1, 
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